Aims. We study the spectral and polarization properties of supernova remnants (SNRs) based on our λ6 cm survey data. Methods. The observations were taken from the Sino-German λ6 cm polarization survey of the Galactic plane. By using the integrated flux densities at λ6 cm together with measurements at other wavelengths from the literature we derive the global spectra of 50 SNRs. In addition, we use the observations at λ6 cm to present the polarization images of 24 SNRs. Results. We derived integrated flux densities at λ6 cm for 51 small SNRs with angular sizes less than 1
Introduction
Supernovae release enormous energy into the interstellar medium (ISM). The ejected material as well as the material swept up by the shock wave form the supernova remnants (SNRs). SNRs can be traced up to several ten-thousand years (e.g. Reich 2002 , for a review). To study the evolution of SNRs is a key to understand the interaction between the blast wave from the supernova explosion and the ISM. Since SNRs are primary radio objects, the morphology, spectrum, and magnetic field configuration obtained from radio observations provide vital input to figure out the evolution of SNRs.
The Sino-German λ6 cm polarization survey of the Galactic plane covers the broad band of the Galactic plane of 10
• ≤ l ≤ 230
• and |b| ≤ 5
• (Sun et al. 2007; Gao et al. 2010; Sun et al. 2011; Xiao et al. 2011) . The polarization structures such as Faraday screens, voids and canals revealed in the survey have advanced the understanding of the ISM. Meanwhile many SNRs were detected as strong discrete sources in the survey. A study of large SNRs with angular sizes exceeding about 1
• was already presented by Gao et al. (2011) . In this paper, we focus on SNRs with a smaller angular size. Most of these small SNRs cannot be resolved in the survey, so that we could not investigate their morphology in detail. We obtained their integrated flux densities and established their spectra together with data at other radio wavelengths. Although spectra for most of the SNRs have already been presented in the literature, we are able to make significant improvements particularly for some weak and slightly extended SNRs by using the new measured flux densities from the λ6 cm and the Effelsberg λ11 cm and λ21 cm surveys (Reich et al. 1990a; Fürst et al. 1990; Reich et al. 1990b . We also obtained polarization images for about half of the SNRs, some of which were used to estimate rotation measures (RMs) in context with polarization data obtained at other wavelengths such as λ11 cm and λ2.8 cm.
The paper is organized as follows: We briefly describe the λ6 cm survey in Sect. 2. The results are reported in Sect. 3, where the integrated flux densities and spectra of 50 SNRs are presented, the polarization images of 24 SNRs are displayed, and a possible mis-identification of G16.8−1.1 is discussed. Due to the secular decrease in intensity of Cas A, this remnant is studied separately. The summary is given in Sect. 4.
The λ6 cm survey
The Sino-German λ6 cm polarization survey of the Galactic plane has been conducted by using the Urumqi 25-m telescope located about 70 km south of Urumqi city with the geographic longitude of 87
• E and latitude of +43
• . The survey has an angular resolution of 9.
′ 5 and a system temperature of about 22 K towards the zenith. The central frequency was set to either 4.8 GHz or 4.963 GHz with corresponding bandwidths of 600 MHz and 295 MHz. The system gain is T B [K]/S [Jy] = 0.164. Detailed information about the receiving system was already presented by Sun et al. (2007) .
The Galactic plane was mapped in raster scans in both longitude and latitude directions. The separation of sub-scans was 3 ′ , and the scan velocity was 4 • /min. Observations were made at night time with clear sky. The primary calibrator was 3C 286 with an assumed flux density at λ6 cm S 6 cm = 7.5 Jy consistent with that by Baars et al. (1977) , a polarization percentage of 11.3%, and a polarization angle PA = 33
• . The sources 3C 48 and 3C 138 were used as secondary calibrators, and 3C 295 and 3C 147 as unpolarized calibrators.
The raw data from the receiving system contain maps of I, U, and Q stored in NOD2-format (Haslam 1974) . Data processing follows the standard procedures developed for continuum observations with the Effelsberg 100-m telescope as detailed by Sun et al. (2007) and Gao et al. (2010) . In the final maps, the typical rms noise level is about 1 mK T B for total intensity I, and 0.5 mK T B for Stokes U and Q, and polarized intensity (PI).
Results
According to Green's catalogue 1 (Green 2009 ), there are 99 small SNRs with angular sizes less than 1
• in the survey region. Most of them are smaller than about 30 ′ in size. A large fraction (80%) of these SNRs is located in the region of 10
• , where the diffuse emission is the strongest (Sun et al. 2011) . Because of strong confusion along the Galactic plane, it is difficult to determine flux densities of some of these SNRs. Patchy structures dominate the polarization images (Sun et al. 2011; Xiao et al. 2011) , which makes it even more challenging to extract polarization information intrinsic to these SNRs. As it is shown in Sect. 3.1, we managed to obtain integrated flux densities for 51 SNRs and polarization images of 24 SNRs.
The SNR G111.7−2.1 (Cas A) is presently the brightest source beyond the solar system in the sky. Cas A is known to decrease in intensity by a measurable amount every year. Therefore we discuss this object separately.
Integrated flux densities
To determine integrated flux densities of the SNRs, we first removed the large-scale diffuse emission using the "background filtering" technique developed by Sofue & Reich (1979) . The filter beam size was set to about two or three times of the source size, to ensure that no emission from the SNR is eliminated. We then made integrations within a polygon region encompassing the SNR and subtracted the background estimated by averaging the intensities surrounding the edge areas of the SNR. If the SNR had a size comparable to the beam, we made a two-dimensional elliptical Gaussian fit to assess the flux density. For large circular objects, we performed a ring integration of the emission to calculate the total flux density.
We were able to measure the λ6 cm integrated flux densities of 51 SNRs. Among the remaining SNRs, some objects, such as G11.0−0.0, could not be separated from the strong emission along the plane. Emission from other objects, such as G83.0−0.3, was mixed up with the strong thermal emission from the Cygnus region, and some SNRs, such as G54. , are located in a complicated environment and their boundaries could not be well defined. For all these objects we could not determine their flux densities with sufficient precision.
Flux densities at λ6 cm for 50 SNRs, excluding Cas A, are listed in the fourth column of Table 1. For comparison, 1 The Catalog of Galactic Supernova Remnants is available at the web site http://www.mrao.cam.ac.uk/surveys/snrs previous measurements at λ6 cm and the corresponding references are listed in the second and third column, respectively. In case that there are several flux density measurements at λ6 cm published, we selected the one with the highest quality. If the qualities are comparable we used the median. The early measured flux densities have been corrected to conform to the scale by Baars et al. (1977) . Some of the corrections were provided by Kassim (1989b) . The new measurements generally are in good agreement, within uncertainties, with previous published values. For 17 SNRs: G15.1−1.6, G15.4+0.1, G16.2−2.7, G16.4−0.5, G17.4−2.3, G17.8−2.6, G20.4+0.1, G36.6+2.6, G40.5−0.5, G43.9+1.6, G53.6−2.2 (3C 400.2), G55.7+3.4, G59.8+1.2, G68.6−1.2, G96.0+2.0, G109.1−1.0 (CTB 109), and G113.0+0.2, no λ6 cm flux densities have been obtained up to date.
SNR spectra
We calculated the spectral indices of these SNRs by fitting flux densities from the literature together with the new measurements at λ6 cm versus frequencies in logarithmic scale with weighted least squares. Some published flux densities could not be corrected to the scale by Baars et al. (1977) because no calibration information could be found, which has only slight influence to the spectra. The newly obtained spectral indices for which we used additional published data with references in the eighth column, are listed in the seventh column in Table 1 . We did not include data below 100 MHz to investigate the low-frequency spectrum turnover (e.g. Kassim 1989a), as we are only interested in the high-frequency spectrum, which the new λ6 cm measurements can help to establish. For comparison, previous indices and corresponding references are listed in the fifth and sixth column in Table 1 . If a spectral break in a SNR spectrum was firmly established, the spectral indices below and above the turnover frequency are both provided. New integrated flux densities at λ11 cm and λ21 cm were also derived in case either no flux density measurements were found or the data available in the literature were not sufficient to constrain the spectra. Unless otherwise noted, the flux densities at these two bands were measured from the λ11 cm and λ21 cm Effelsberg surveys 2 (Reich et al. 1990a; Fürst et al. 1990; Reich et al. 1990b . The angular resolution and sensitivity are 4.
′ 3 and 20 mK for the λ11 cm survey, and 9.
′ 4 and 40 mK for the λ21 cm survey. Both surveys have total intensity scales consistent with that by Baars et al. (1977) . The reference entry (Column 8 in Table 1 ) remains empty if no earlier measurements were available. Plots of all SNR spectra are shown in Fig. 1 .
For nearly half of the SNRs in Fig. 1 , the new λ6 cm measurements are the only or amongst the highest frequency data, and are therefore important to constrain the high-frequency spectra. These SNRs are: G11.1−1.0, G15.1−1.6, G15.4+0.1, G15.9+0.2, G16.2−2.7, G16.4−0.5, G16.7+0.1, G17.4−2.3, G17.8−2.6, G20.0−0.2, G20.4+0.1, G36.6+2.6, G43.9+1.6, G53.6−2.2, G55.7+3.4, G59.8+1.2, G68.6−1.2, G69.7+1.0, G94.0+1.0, G96.0+2.0, G113.0+0.2, and G116.9+0.2, For 13 SNRs, improved spectra have been determined by combining the flux densities at λ6 cm, λ11 cm, and λ21 cm, which are further proved by the TT-plot (Turtle et al. 1962 ) results (see for example Fig. 2) . The relation α = β + 2 is used to convert the spectral index β from TT-plot into α. These SNRs are: G15.1−1.6, G16.2−2.7, G16.4−0.5, G17.4−2.3, G17.8−2.6, Fig. 1 . Spectra for 50 SNRs. The present λ6 cm flux densities are indicated by black dots, while the flux densities we derived from the λ11 cm and λ21 cm Effelsberg surveys are marked by dark squares. Other measurements were taken from the references listed in Table 1 . G20.4+0.1, G36.6+2.6, G43.9+1.6, G53.6−2.2, G55.7+3.4, G59.8+1.2, G68.6−1.2, and G113.0+0.2. For some of these SNRs the early measurements were not used for spectral fitting, because they, as outliers, largely deviate from the spectra based on the new data at λ6 cm, λ11 cm, and λ21 cm, e.g. the measurements of G16.2−2.7 by Trushkin (1999) , of G16.4−0.5 and G20.4+0.1 by Brogan et al. (2006) , of G55.7+3.4 by Goss et al. (1977) , and of G68.6−1.2 by . The reason for the inconsistency is unclear. The spectra obtained by us are more reliable as they agree with the results from TT-plots.
For three SNRs, G21.5−0.9, G31.9+0.0 (3C 391), and G74.9+1.2 (CTB 87), the spectral turnover at high frequencies can be confirmed. The spectral break above 32 GHz for G21.5−0.9 was suggested by Salter et al. (1989b) . Below 32 GHz, the spectrum is very flat with a spectral index of α = −0.06 ± 0.03, consistent with that given by Morsi & Reich (1987a) . Above 32 GHz, the spectral index is α = −0.41 ± 0.09.
The spectral break for 3C 391 was noted by Moffett & Reynolds (1994a) . Above 1 GHz, the spectral index of α = −0.54 ± 0.02 is consistent with that by Moffett & Reynolds (1994a) . Below 1 GHz the spectral index is α = −0.02 ± 0.04. Brogan et al. (2005) ascribed the spectral turnover to absorption and obtained an opacity of 1.1 at 74 MHz, which needs confirmation at even lower frequencies. The spectral break above 11 GHz for CTB 87 was reported by Morsi & Reich (1987a) according to their 32 GHz measurement. Below 11 GHz, the spectral index obtained by Morsi & Reich (1987a) is α = −0.26, which is consistent with our result. Adding new flux densities at 10.35 GHz and 16 GHz ) confirms the spectral break with a spectral index of α = −0.71 ± 0.18 above 11 GHz. The frequency turnover for G27.8+0.6 and G130.7+3.1 is less certain and needs more highfrequency observations for confirmation.
Some SNRs, such as G15.1−1.6, G20.4+0.1, and G59.8+1.2 are probably new plerions as they have very flat spectra of α = −0.01 ± 0.09, α = −0.08 ± 0.09, and α = −0.03 ± 0.05. G16.8−1.1 seems misidentified and is likely an H II region as discussed below. The spectral index β from the TT-plots is the weighted average of the spectral indices from two pairs: λ6 cm and λ11 cm, and λ6 cm and λ21 cm. We comment below on those SNRs for which the newly determined spectral indices deviate by more than 3×σ from earlier results or when the previous spectrum was very uncertain as indicated by the question mark in Table 1 . is very uncertain as it was based on data only at two frequencies. We obtained a spectral index of α = −0.01±0.09, which is that of a thermal source. However, Boumis et al. (2008) made optical observations, which convincingly showed that G15.1−1.6 is a SNR. -G17.4−2.3. The spectral index α = −0.46 ± 0.12 was obtained by fitting the new flux densities at λ6 cm, λ11 cm, and λ21 cm. This result is consistent with the average value α = −0.52 ± 0.03 using the TT-plot method. -G17.8−2.6. With the new flux densities at λ6 cm, λ11 cm, and λ21 cm we obtained a spectral index α = −0.50 ± 0.07, which is in good agreement with the value α = −0.52 ± 0.13 derived from TT-plots (Fig. 2 ). -G20.4+0.1. The VLA flux densities presented by Brogan et al. (2006) (included in Fig. 1 ) are significantly lower than the flux densities we derived from single-dish observations. The spectrum presented here, which is characterized by α = −0.08 ± 0.09 and based on new flux densities at λ6 cm, λ11 cm, and λ21 cm, is significantly flatter than the value α = −0.4 reported by Brogan et al. (2006) . The average spectral index derived from TT-plots among the three bands is α = −0.09 ± 0.04, which agrees with the integrated flux density spectrum displayed in Fig. 1 . -G36.6+2.6. The spectral index α = −0.67 ± 0.12 was obtained from the new flux density values at λ6 cm, λ11 cm, and λ21 cm only. -G43.9+1.6. The spectral index reported by is indicated as very uncertain. We derived a value α = −0.47 ± 0.06 from the integrated flux densities. The av- Fig. 2 . TT-plots of G17.8−2.6 between λ6 cm (4800 MHz) and λ11 cm (2695 MHz), and between λ6 cm and λ21 cm (1408 MHz).
erage spectral index α = 0.59 ± 0.10 from TT-plots between the Urumqi λ6 cm and the Effelsberg λ11 cm and λ21 cm data is consistent with the spectrum shown in Fig. 1 . -G53.6−2.2 (3C 400.2). The published spectral index α = −0.76 listed in Table 1 results from the low VLA flux density at 1465 MHz by Dubner et al. (1994) . The derived spectral index in the current work is α = −0.50 ± 0.02 after including the higher single-dish λ21 cm flux density from the Effelsberg survey. -G57.2+0.8 (4C 21.53). The derived value α = −0.62 ± 0.01 is slightly larger than α = −0.67 by Hurley-Walker et al.
, which could be ascribed to a higher λ6 cm flux density. -G59.8+1.2. This SNR was found to have a flat spectrum rather than a steep spectrum as it was reported earlier by . Optical observations by Boumis et al. (2005) showed a large S II/Hα ratio, which confirms this source as non-thermal. It may be classified as a pulsar wind nebula (PWN) instead of a classical shell-type SNR. This object consists of an elliptically shaped source and a tail. Based on TT-plots we obtained spectral indices of α = −0.13 ±0.06 between λ6 cm and λ11 cm and α = −0.03 ± 0.10 between λ6 cm and λ21 cm for the source component. Their weighted average spectral index is α = −0.09 ± 0.05, almost consistent with α = −0.03±0.05 from integrated flux densities as shown in Fig. 1 . The spectral index does not change when including the tail. Unfortunately no polarized emission is visible in the λ6 cm maps. There is no ROSAT X-ray emission associated, and no pulsar reported so far is in the direction of G59.8+1.2. More detailed investigations are required to firmly establish its classification. -G68.6−1.2. This SNR was discovered by .
Based on the new flux densities at λ6 cm, λ11 cm, and λ21 cm we derived a spectral index α = −0.22 ± 0.09. The λ21 cm flux density quoted by Kothes et al. (2006) was not included in the fit, as it largely deviates from the spectrum. -G76.9+1.0. This object strongly resembles the PWN DA 495 Kothes et al. (2005) . However, so far no flux density could be quoted as it is a very weak and extended SNR. Besides the flux density at λ6 cm, we also measured its flux density at λ11 cm and λ21 cm from the Effelsberg surveys. The spectral index is α = −0.45 ± 0.25 supported by the TT-plot result of α = −0.43 ± 0.12.
Polarization
The "background filtering" method (Sofue & Reich 1979) cannot be used to remove large scale polarization U and Q data. To show the intrinsic polarized emission from the SNRs, we subtracted a hyper-plane defined by values at the four corners of the U and Q images of the SNRs extracted from the survey. We then re-calculated PI and PA. Polarized emission at λ6 cm was detected from 25 small SNRs. Their images are shown in Fig. 3 except for Cas A. The integrated polarization flux density and the average polarization percentage were also estimated. For SNRs G67.7+1.8 and G76.9+1.0, intrinsic polarized emission could not be separated from the surroundings. The results for the remaining SNRs are listed in Table 2 except for Cas A. Note that the 9.
′ 5 beam mostly covers a significant fraction of the SNRs, which may cause beam depolarization. Therefore, the measured values should be considered as lower limits. The polarization percentages that we derived for some objects are definitely small compared to the results obtained with a smaller beam, for example 13% against 32% for G30.7+0.1 ), 5% compared to 24% for DA 495 (Kothes et al. 2008) , and 1% versus 6% for G73.9+0.9 ). This can be ascribed to beam depolarization.
It is for the first time that polarized emission was detected from SNRs G16.2−2.7, G69.7+1.0, G84.2−0.8, and G85.9−0.6. SNRs G84.2−0.8 and G85.9−0.6 are probably located behind the H II complex W 80 (Kothes et al. 2001; Uyanıker et al. 2003) . It is therefore difficult to observe their polarization at lower frequencies such as 1.4 GHz. The detection of polarization from these objects finally confirms them as SNRs.
In case there were early polarization measurements with single dishes at λ6 cm for the SNRs, such as G21.8−0.6 by , G30.7+1.0 and G73.9+0.9 by , G36.6−0.7 by Fürst et al. (1987) , G65.7+1.2 (DA 495) by Kothes et al. (2008) , and G182.4+4.3 by Kothes et al. (1998) , their polarization morphologies are quite similar compared to Notes. In cases where the total integrated intensity could not be measured because of confusion no average percentage polarization could be given.
what we obtained, for example the bipolar magnetic field structure of DA 495. RMs for some SNRs were obtained in the case that polarization observations at other wavelengths were available. To illustrate this we take the sources G34.7−0.4 (W44) and G116.9+0.2 (CTB 1). W 44 shows a complex pattern in its polarization angle distribution. We retrieved polarization data from the Effelsberg λ11 cm polarization survey (Junkes et al. 1987; Duncan et al. 1999 ) and compared them with the present λ6 cm map. The RM is estimated to be about −55 rad m −2 and −105 rad m −2 towards the southern (b < −0.
• 5) and northern (b > −0.
• 5) parts of W 44, respectively. The pulsar PSR J1856+0113 (l = 34.
• 56, b = −0.
• 5) associated with W 44 has a RM of −140 ± 30 rad m −2 (Han et al. 2006) , which is roughly consistent with our estimate. CTB 1 is an evolved SNR. The B-vectors follow the shell at 10.6 GHz (Reich 2002) and deviate by about 40
• from the shell at λ6 cm. According to these data we calculated a RM of about −180 rad m −2 in the western shell. RMs can also be estimated for some shell-type SNRs based on the morphology by assuming that the intrinsic magnetic field is tangential (e.g. Reich 2002), such as G54.4−0.3 (HC 40). This SNR shows B-vectors that deviate significantly from the shell direction, which indicates an RM of about 250±100 rad m −2 .
G16.8−1.1 is an HII region
A flat spectrum with α ∼ 0.16 was earlier derived by , which in principle could indicate either a thermal source or a crab-like SNR. classified it as a SNR, because strong polarized emission was observed with the Effelsberg 100-m telescope at λ6 cm resulting in a percentage polarization of about 15%. The slightly inverted spectrum was thought to be influenced by the compact H II region Sh 2-50 coinciding with the SNR. It should be in front of . The starting levels and the contour step intervals (both in mK T B ) are for G16.2−2.7: 20 and 6, for G21.8−0.6: 800 and 250, for G30.7+1.0: 10 and 15, for G34.7−0.4: 500 and 300, for G36.6−0.7: 20 and 10, for G39.2−0.3: 250 and 150, for G46.8−0.3: 50 and 50, for G53.6−2.2: 6 and 15, for G54.4−0.3: 50 and 20, for G65.7+1.2: 30 and 15, for G67.7+1.8: 5 and 8, and for G69.7+1.0: 30 and 8. G16 .8−1.1, because it causes depolarization. The pulsar PSR B1822−14 (Clifton & Lyne 1986 ) is seen within the area of G16.8−1.1 showing a very high RM of −899 rad m −2 . Its relation to G16.8−1.1 is still unclear.
The 0.
• 5×0.
• 5 Effelsberg map presented by covers G16.8−1.1, but does not show its surroundings. On a larger 2
• × 2 • map (Fig. 4, top panel) extracted from the new λ6 cm survey, strong polarization intensity in the surrounding area of G16.8−1.1 is also visible. The central area of the source, however, seems to be nearly unpolarized. The edge areas of the smaller Effelsberg λ6 cm map ) almost coincide with strong polarized emission (Fig. 4) as visible in the Fig. 3. -continued. The starting levels and the contour step intervals (both in mK T B ) are for G73.9+0.9: 250 and 50, for G74.9+1.2: 250 and 100, for G76.9+1.0: 65 and 10, for G84.2-0.8: 400 and 100, for G85.9-0.6: 200 and 100, for G94.0+1.0: 120 and 30, for G109.1−1.0: 100 and 50, for G113.0+0.2: 30 and 8, for G116.9+0.2: 35 and 15, for G120.1+1.4: 50 and 300, for G130.7+3.1: 100 and 800, and for G182.4+4.3: 2 and 2.
Urumqi λ6 cm survey. Standard baseline subtraction assumes zero emission at the edges of a map. If this assumption does not hold, the polarized emission level in a map is not correct. Thus the main argument for a SNR identification of G16.8−1.1 becomes questionable and the entire G16.8−1.1 complex might be considered as thermal. Actually the λ6 cm total intensity of G16.8−1.1 fairly well matches the Hα emission (Finkbeiner 2003) from the H II region Sh 2-50 (Fig. 4, middle panel) , indicating that they are probably the same object.
To check whether G16.8−1.1 acts as a Faraday screen (e.g. Sun et al. 2007; Gao et al. 2010) , we show the λ6 cm polarization intensity with large-scale emission restored according to WMAP data (Sun et al. 2011) in the bottom panel in Fig. 4 . There is indication of insignificant rotation of polarization angles Fig. 4 . Images of G16.8−1.1. The contours display the total intensity at λ6 cm, starting at 50 mK T B and running in steps of 50 mK T B . The image shows the observed λ6 cm polarization intensity in the top panel, the Hα intensity in the middle panel, and the absolutely calibrated λ6 cm polarization intensity in the bottom panel. The bars indicate B-vectors with their lengths proportional to polarized intensity with a low intensity cutoff of 1 mK T B . The box indicates the mapped region by . The star indicates the position of the pulsar PSR B1822−14. but some depolarization towards G16.8−1.1, which suggests that G16.8−1.1 is either within the polarized emission region or at a smaller distance than the polarized emission. More data are needed to settle this relation. Sh 2-50 is probably associated with the Scutum super shell at a distance of about 3.3 kpc (Callaway et al. 2000) , which is close to the polarization horizon at λ6 cm as discussed by Sun et al. (2011) .
In case that G16.8−1.1 is thermal, the distance of 5.1 kpc to the pulsar PSR B1822-14, based on the NE2001 model, will be reduced. Its large negative RM might be affected by G16.8−1.1 in a way already described by Mitra et al. (2003) for pulsars shining through H II regions.
Cas A
Cas A is the strongest radio source seen beyond the solar system and included in the λ6 cm survey section presented by Xiao et al. (2011) . The Cas A area was observed several times between 2004 and 2008. The peak brightness temperature at λ6 cm is around 95 K. For this large intensity, we have checked that the linearity of the receiving system holds.
Cas A is a young SNR whose intensity shows a secular decrease with the rate determined by Baars et al. (1977) as
At 4.8 GHz the decreasing rate is 0.77% per year. The absolute spectrum for Cas A was also determined by Baars et al. (1977) Cas A has a size of about 5 ′ and cannot be resolved in the λ6 cm survey. As a very young shell-type SNR the magnetic field is expected to be radial. This can be seen from Effelsberg 32 GHz observations, which resolve Cas A (Reich 2002 ). We measured a polarization flux density at λ6 cm of 38±4 Jy for this SNR, corresponding to an average polarization percentage of about 6%.
Summary
We studied small SNRs with angular sizes less than 1
• in the Sino-German λ6 cm polarization survey of the Galactic plane. Integrated flux densities of 51 SNRs were obtained. Fitting these measurements together with previous observations at other wavelengths, we obtained spectra of 50 SNRs. For half of the SNRs, the λ6 cm measurements provide by far the highest frequency data, and therefore play an important role on constraining the spectra of these SNRs. We have determined spectra for SNRs G15.1−1.6, G16.2−2.7, G16.4−0.5, G17.4−2.3, G17.8−2.6, G20.4+0.1, G36.6+2.6, G43.9+1.6, G53.6−2.2, G55.7+3.4, G59.8+1.2, G68.6−1.2, and G113.0+0.2, by mainly using the flux densities from the λ6 cm survey, along with the λ11 cm and λ21 cm Effelsberg surveys. Note that spectra of these SNRs were poorly determined up to present. G16.8−1.1 is most likely an H II region and not a SNR.
We were also able to extract polarization images of 25 SNRs. For SNRs G16.2−2.7, G69.7+1.0, G84.2−0.8, and G85.9−0.6, the polarized emission is detected for the first time. For some SNRs, RMs could be estimated.
We conclude that it is important to observe SNRs at high frequencies to accurately determine their spectra and study their intrinsic polarization properties.
